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(The Stars) 


rr% ^tirtotr ^ ^rtn ^irri ririr ^rr R^\s ^ti^h 
rt| i m, 'Q §j^ y\W\^ ^ feft 

^R 5 R^tRH I 

If® If RR ? WRRf ^ ^ifSt ^JR, ii|f5l ^Rtft i£R° ^fSt t^lOR 
RRIf WltR I tW Wl^Sl'G R3tRt£*t ^5lR'8 $1^, t5R2|R ^R\ *TO 

^T^I^tOTR R^^lRRltf^Wllfft? 4RR^^1f%^t^ftRf^lRRt 
Rtlf (TtRfls 

^ ^i«i%=i 1^» rwi RR^ RtR i ^tm rw ^irri wtfR ft? 

b^ob- (1608) f%ftRr^RTt^ CSlf^RRlCR 4R RW ^tfWtR 3R I 
ff wm ri^ri ^rr tj^r f^t^ r^q RksRi rir ri 

^tRRt ^RtCR Riff CMN (RRSa CR^lR Rt I 

(1609) ftef f^t%R£lR Ifssl^t RJltflf'e (Galileo, Ga- 
lih-LAY-oh, 1 504-1 642) *m>\ C^ cSlfe^MfsI) Rt<1H I ff CSlf^RR 
Wl ^WP't 4RR WsW RR^Rlff (RR^s CRlRR Rt 4R ^RKR 
cf© CRR^ RtR 1 r I 

^WR^RRRlCR^Rt?RCR, b^o ffelw hsH H fail ^RMR 
Rft<1RH RRCRR I R#f C^ttR ^RW Rt Rt ^<^WR (milky 

way) ffR 5 WRRCR ^rRfplR £tM CR£R ^$IRJ gf|^ Rr% CRlRHtR 
RE5t ^tMR RRR (RRTs RN3Rt RlR I If® Rrttftfe C^lf^R Rt 
>$r 31*H RW Rt ^RfR te ^iRtRCR Wl\Rl WlRlR RRttRR (RR£s CRlRR I 

( > ) 



cr| <RR t, ^UIIrIr'S ijR%R WJ 
st T^R (Jupiter) RffRfRTR* 
17IFRR7R 2|Rf% c R^^!R'S TORTS’ CStfij R^J 
(RR7R (M7RR I CR^fR ^R 2|7^R 

1 4 crtr^ mf\^ ^r cr, ^mt 
riIr crtr Rt crrs® *rft. ^ 
rr rr i ^riwN3 ^H'G 'rchr* i 

^wk RrtfRlR'eR wrfwtTRR wi 
2R|R\s 3R CR, ^IiM CRRWRTs 
(solar system) sfR^PR^ sj^atfw 

to cr wr rtitr^ ^ ^jto 

^R8 RR^ RR^ RR^Rs#! toRtRl 
^IRRj ^>I7R lifijT'G TRlRtlR Rt CR, '4t, RRlR* ' 3 3f^ x ft®T I BIRR'S $.W> RfTR CR 
^RJtRJ ^iRlIRR CRRWRT^R 1^R> Rl7*ft, RTRT^ I 

^RR iSKSit, 2ft) CR, Wl^TR ^ CRRWRo w^t Rv5? 

(1671) fttor ^ifR-Wl# RWn tot^t f^iwif) % 
RIIrtIr (Giovanni D. Cassini-ka-SEE-nee, 1625-1712)RR£tRRRRR 
2i7^R (Mars) ^RR toR R7RR 1 'sRRTRt, CRtRWRTsR ^RR RR 2|7^R 
TjRR'G fto RRt R^SR 3R I 

RRtRltRR f^RR £TR Rf^ ^TRRR | R7R \sR ^WJjtt ^RRtRR 
R^RH tot%t RtofRR %R RlRtRJ R^TRtRR R^CRR I 4R WI WlRRt 
^]RR WttR CR, ^fft CRT^ 7RRR TjRR ^, 000,000 RtlR (93,000,000 
miles), Rt Rtofe <2 RR|r tot%Rt RRRR C^ R7RR CR% ^ I 
RRR 2|r1rRR\s R7RR 2t75R^ ^jRR CRTR^ ^jR(RR \£RRR 

R7RR C#r I RtotRR RR7R WlRt % CR RfR 2|^ (saturn) ^7?R TjRsR 
2f5, RR CR7R> RtR R3R? b- 00 , 000,000 R%f (800,000,000 miles) ^R'e 
CR^ftl 



Galileo 


WRcsl RR*1T RTR CR'GTTt WM RtTR CR “RRTQ RRT I ^tRRTR "^TlRRl 
RtRtR Rt toR RR7R Rlt^s RiRR CR ^ RRi RRTt'Q RRRRjRlR” # Rt? 

to RRtTQ RRRi RttotTRR CRFR CR^ I RRt'Q R^fR RR IW^lRR 
^OR rR Rt'SRt ^(R RR ^7R tot%RR 'Q ^iRttRRS RtRTR ^ C»7R 
CR W R^ ^iRttRR WRR ^R 1%^ Rf)% CR^ | 


( ^ ) 



I ggrt'Q \agg “ggt ggrtCQ’’ (closed universe) gfgga geg l 


gig sf#q gaj g\ajf “ggi ggrte^” gfgga gg aeg 3*1 oat gt>ff l^g 
eg cgfg gw gila\af “ggiwf^lag tfggfgf’ g^g gegeg ^g ° “gg^f/Tg 

ggrt-ss ^fgfg *tegj ffeg gleg 1 ^tggf ggg'G gca gieg “ggi^fegg” 
wi ^tgta stra geg gegeg Ifeg ^mtg wgt ^fgfg g^g ‘‘ggiwNag 
tfTgggg” gtkg 1 gfateg ggrt'si w^- sfgffga « gffaa gca gtg^eg 1 
gggt “wt^jgfg ggrte-Q” (oscillating universe) glfta geg 1 

atgeg ggrt'Q 'sjw gt ggt ? gig gft “ggj ggrt-Q” gg, atgeg 1% gf 
g^rt'Q i£igsg[gf gta ttaft geg eg, giff gf ggrt'Q “eglglggtg ggrt'Q” ? 

gglg^w geggg^g egtg 1 g 1 %a Iggttew ^gfta goa gtegglg 1 gf 
ggrt'Q ft ^glgggtg ggg geg stgtfga gca gmg? gt ff cgtg gg^ggg ff 
spggg Igeg gffaa goa gigeg? gft Igwg ggeg g*sg 
gtgrtggg x t 1 w g>a cgpf 1 gf gigjtggg *i 1 wg fig g>a cgt*f cast's tf»g 
<mc<i eg, gf ggrtro gglwt^ia^ gwg glggM w 1 cg 5 t tf»g ggeg 4 f 
g^tes w glum, gwi gg^ ^gs wm gw ggt< fffjgtg 1 gt gtgjgggg 
*tfw gf% ggteg gg^ g^trog e^rfggg ffs gg>=ieg> tge®w geg 
ggfaa gegegi 

^rnt gig ^ gjgm gg^ g« Igeg Igatg gfg atgeg 4 f 
ggrte^g gfgt stt^at egtegg wgt eg ag gg° aiegg zfegiwg aig gge*n 
ate-gg gig gg am geg 1 a^glg gg aeg gf g^grta “fe 5 gwta” 1 

cgtg cgtg ggtg^M R«sft geg gegg eg, aige=i gf ggrfOQ tg*t?gf 
gigg “wg” (mass) gege^ gtm ^tggf Regwtg wgt sfi^j g# gt 1 
(^mgg^Tf^g^ttgeggf^gtwg-missing mass) I'^gegggfteg's ^ggg 
wg^w gw gfg^ea gteg 1 ge^a gteg ggrres ^gg If ^ gw ^rte§t gfegg 
eggg wg egf ge=i ^nggf geg g#, tfw ^ngoa ^gg wg ^rte§; 1 


( \S^5 ) 


twft gg%tgg gggff ggggnegg ^tlweg ^g*u gggg# 
^geg sigffgw ^ggff ste^g efw ^ttegt ege^i gfeggn ^ggff ste^g 
gig $cBt (Pluto) 1 ^geg sigf^gg^ ^g ^g^wfggg (ellipse) gip# 
(Side to Side) g1%gegg a, 000, 000, 000 g%f (seven billion 

miles) 

4 egegf ^gtg ggf gig eg, g^fgte^ gfgtg ^%t 1 gt\ae*n 
eggl^ gf^ ^go?g ^tg e»e ^tg^s ^jeg ^egg ffgi^igtg 
gg ^5 ^ g^ifge^ Rgi^tg 1 



Solar System 

g#gg g^M twft ^ gfggt egtgg gggg eg, ^tgne^ ^iggt eg 
gg*g ^eglg^g gg^ggffw egge® gf ^ate^rg ^rfg'G ^tegg egft 1 eg 
gg®t ^i«j s 'a^si gg^g ^nggi ^rgfe^t eggea gf, aigt^e g^age’g geg% 
tfw ategg ^jggj ^tft egeg ^ng^ ^tegg cgft geg ateag fg^gw 
geg ag 1 ^iftg tggSag g^jga gg^g ^gg 1 ^agt^ eg gg^g gg=a wggf 
wfgte^ cg^ea gif ategg ^geg slgi^gga ijgag ?tg ^eOig egeg'G 
^egg^egg^egi 


wt^eg ft gg=i 2fg g^g gl^g ^ fg ggt g^sg? gt If 



r^ir*m fwt%rR fwM ^ricrr ^r<^ 1 rw%r 


Itf^RfR b'so <1^ ^rfCR ff|Rs R^jRR*t R'safift WlRRC*t ^[^0 (R>tR 
#fR TjRRj l^fR WfR 'SRI ^ RRit% 1 r<RRR R^CRR I CRt. RRit^R RtR 
RjtRMM (Parallax — PA-ruh-laks) I 

RjtRlRBf RrRjOo ^IrRcR C<RR RW Rf^R 5 R^R tR^R 

RH WRI ^[R% ’[C&R ^“RR CR CRR ^ RR CRCR> "®TfRRC*t R'tlsfs N Ql. 
RW ijRRi Ir'Ir <MW> I 



Parallax 

* [Parallax — -1 r1%w C^RR CRCR^ CRRCR si^RR^R CR RQ<|\sR RC5 
RCRRCR’S’R I] 

^ R^R> f^R 5 T^sfCR RRW <K3 ^5t CRtRltR 'SHJ RRR i3R^t RtRtRR 
“RffhR <MM> RtfR I CRGRtCR ^TRf^s ^R# ^RR RlRCR WftSt'Q I CRRR 
^f£$R 4R# Rl^R CRRR RIRR RlRCR RCRt I 4RtR Rt CRR R^ R?CR Rl^# 
GstRtR WR CRR f^CR CRRt, RRJ R^CR (RRR CRRR Rt^Rte RfR^R 
RR^RRH^ RR ^ I i£)RfR CRRR Rt^R 'Q RR % CRCR WR CRR R^ 
RRtR Rt C5T*I fkCR CRRt I CRRCR R, Rt^R^R RRRR RfR^R Rfk£llR^ 
RtRR^R RCR RCR ^ I 


(continuous creation) RfRR ftCR ftCR iRR'f 3CR CRM I 


rR RlRRl RfeRI^ ^R%¥R R^R RRRI R^tCR ^1% iRRRi R# 
^r ijWR cr MRtRt<#c<i> (quasar) *[Quasar-Quasic stellar radio 
source-distant active galactic nucleus-R^ tjRRfNw® vS^oi RRRR] 
CRR^st bo, 000 , 000,000 (ten billion) RT(RlRRRRRRRl^ I 'atR CRCR> 
CR RtCRf RlRRt CROC'S Rtt, ^5t Wl^JR tR*5R|, ‘•SRM (R# (ten 
billion) W RtCRR RfoRvs MMR 5 Rl% I CR^RtM Ir^ ‘RRWIRIw 
tRCRFiRCRR R?ftR RCR RR>R\s ^tMMRRl RR I 4R CRC^ TjCR rr 1|^ 
MR (MlRtRtR ^t RlRRt oflW <HM> RfRR ? RR ^R R 1 ^jWR (MRtRtCRR 
RCR ^RHt (haze) dR® R'QR RtR I R RRWf^l1%R tRRfRCRR 
RRR ^fRs ^R3 IrIrRCRR 1%oR iRR GlR^ R'SR RRR I RRWf^lRxl 5 
iRCR^fRR RSR« RtCRH Rt RRCRtCR (twelve or fifteen billion) w 
^r r^rI^r «>.ttiRffi l 

Wt^CR voiRRCvs ^TIR # R^ KRC^;? 

^R^t RRRR R, ^ 1 r^ f^RRlR W^\m Rlw ^CR RtCR I 
^IRR CRR 1%R RWfR CR# (trillions of years) R^R HCR'G ^(RtRRRf 
RlR^CR I ^1%[ WgW ^iRtRR Rllw RtfR RR ^iRtRR^ 
^CR RCR RtCR CR CRtR RC^R Rt^fCRt ^R R (RR (RRt RtCR Rl I ^CR SlRlR 
"5CR WRtCkR RRTt'SS RRTf'Q” (open universe) I 

^RRJ R^^lRtRRtslR RtRt ^CR RCR RtC^^Rt SfGSJCR SlC^JRCR 

WlCRR RtRStRRR ,t rf%R RtRt ^tRRR RRC^ I RtRStRRR *1% Rt RWt^CR 
R^RIRCR RlW R^ RRCRR RtCR RtCR fR RtCR I WI $ 5 $ RStRI 
RWl CR, ^RRR#R5tR Rl% %R ItCR RRC^ RRG® “^Rl” RtR ^CR 
RtCR I R^CR RRTtGQR R 5 RRRRtRWf CRCR RtCR I ^TlRtR ^R ftCR ftCR RRTt'Q 
R^ff^o ^R 5 RRtCR I ^RR RRitTOR RxWt^CRR ^ Rt RlR^CR 
R^fRR Rt RR ^RtRR ^R#^ ^CR 4R^t “R^l ^«fR” (Big crunch) R^o 


( «« ) 



TOtCRl (Gamow) cgcrRwr CR, RfR ^ RfaTO WR7R 

ctor r^Rto Itorr tori rir \sc<i tortor ’Wt^ lR*t?Rt, to rtrirj 
^tq ^Tw s t \toto iw togto riw \ tossrr w rtototo 

■^1% fR^R wTO crw cr, torri w ^ wfNfao TOfR, ^ RRro 
TOR cTOtog torto ^ TOn%( ^ 1 Eiffel TOrg ^rr> rIr 
c^fTORt rir tor cRtTRTORWR toc^ c^fTORt to to RTOtroTORWR wt 

rc*iRr 1 ^ Rft><ro rrto torir tort ctorg RR% (Tf^ 1 

RTO^TORCRCRTOf^TOTO^*^^ ‘TOrotroTORWR” zirirtogto 
TO 1 ^ ‘iRf^RR topi” rr WM, ^toI, mm g ^toI, tow torIwr 
TO lC^ wffTOCR 1 to%tot c^rto t^ropmwR *iw ‘IrItorr totwt”r RfTOR 
TOlRlWR TOtw; ‘ITOrtTOr” (whisper utter with a low sound) TOR wffTOCR I 

troTO^) RjTcrIr mm, ^ ‘#TO tRfroro torr- slTO wlR 

RCTO (TOtRG R^ %f Rl I tw RRTOftTOWT TO^H 1wl%M TOlRG TORTO 
TORR> ^TOs ‘IrItoH ^RTO” (radio telescope) TO TOCRWR TO 
^ tRtroro tortor sj^t rr< toto^ 1 ^totor TOlwrfRTOR RW't 

Rwf^t RR|t> <£^. tTO> (Robert H. Dicke-Dik-ee 1916 — )Rwf^t 

TOIcrIr TOtt^ro ^ “RR^^t toto’Tto RR^ totos rr< tor%rr i 

TO^TTOf ^ ‘iRfTOTO TOTO” R^CTOs TO^^RR TOTO ^ 3R I 
b iiGtf D%fWr TOtCRfRTOlR R^Rt TOtwt TO WlRfroTOR (Arno A. Penzias- 
PEN-zee-us, 1 933 — ) TOR° RRlt> TO 5 . grrrR (Robert W. Wilson 

1936— ) ‘RR^H^^”R1^^TOcte^^^W^NTTO%f 

TO siw torr 1 %it. TORI Rwt^t TOlwrlR TOrTO ^rtft ‘TOtTOR toto 
R^CTOTOr dlro cTOrr 1 

torRr crcr torto rwr R^t^ ^ ‘IrItorr to^tr^to^’ mm 
toirg to§)r toto r^ rtorr 1 rrto ^ «n^®rr rto swRR W ct, 
“^fwfRR^ RrTOH” ^o)R=i 1 wf “^iRfei ^sr W’ 

( 'os ) 


^^R 9|R<1TO<1 ^RRt^f RR^ C^MR C5W 'G TO 

I (^t ^flRnR ^R iTOf RlW TO WTO TO I) CTOR 
(TOR CTO Rt^TO RTO# TO ^ TO TORTOR TOrR TOl; 
RR "TO I CTOlR C5tCRR CRlR R^ '5RI ^R CRTO1 "TO 

^Rr\shR WTO TOR Rf I 

^ PARALLAX toIto ^rr€T TO toR^ RTO R^ 
WfR ^SRI ^ CR% TO) TOTO I 

^ TOiR^c ^TOTOtR CTO 2(^ Rl RTO5R I*!'? ^RRt CTO 5 WSt 'fit 
R=R TOR TOI # TOtro 6 ! TOTOt ^SRt TOIto | 

TOR TOI RRTO TOTO^R ^SftTO W^RR% RTO Rl TOR ^RTO^ 
TORI RtRRTO TO TO TOR I ^TOTOs TOTO ’itRRTO TO TOCTO^I 
TO^f ^RrI^I To TOTO^ TOrR^ 2IR Rl TOCRR rRr TOTO 
R'R TO R^R ^CR I 

Rs® torji cr RTOr rtoRr ^r?g to cr% cr ^ 
R^iRcvs TO R'lR TO TOR TO3R I 

i>TOV f%twr wRR TOTO TORRR (TOsfro TO crcrr (Friedrich 
W.Bessel-BES-ul, 1784-1846) ^[Rl% Rr^R TOrRr ^R^lR 
TOtRlRTO TORTO^ RRI^R RTOTO RR^f ^R I TOSRR ^fTOR fRW|%t TORG 
TORWfR ’jt^R RRR RR^CRR R^R ^R^R 1^=1 % RTO^ r^r ^r | \^Rr 
WTO TOR CR ^ RRTO RTOWR CTOTO ^ W TOCRTOWtl RR= 
RltR RR, TOCRTO TOWlR RR= Rl^R I 

^RR TOTRRI WllR CR, TO RitTO RRWCR TOtWR RTO^R RlR 

2|%Rl CR^fl (Proxima Centauri-PROX-ce-ma sen-TAW-ree) Ton TOR 

^, 000 , 000 , 000,000 rI^r (twenty-five thousand billion miles) I 

TO ’(MtR tRTO^R RTO I R^ITOWt ^l%RR TOlRG 

TORTO RTO TOtC^— fro TOWR ^ TOlRlWR CTOTO TOl%TRT CR^flR 

(«) 



CTO WW WW I 

TOf wrwft c^ 'srf^ffT ^ wf 
2 ^ 4tom ^1 wrtcro wm ^ cro 1 ^ft. 
to ^R> Mfwt^ ^ ^ c^h 1 2jR>^ «'I' 3 m& ?jto *1 w>t mcto* 
tTO<H wr 1 pit. *Nf1ro ppf to TOW#F?f 1^t% wt 1 

MtWf Wtf^f TOTfH ^tt% WfCTOT M?f I ^ TOTtM (7ft. 
TOW#ff W 7W9 b b-0,;>b-^ -srt^ (1 86,282 miles) 'tfTO 
TO 1 b V 8 c>ic<K0> (1 V 4 seconds) ^fft CTO^ TO=rl 1TO c^ffM cro 
TO I tr 1^5 (8 minutes) ^TO TOW#ff ^f%s C^ffe TO I TO 
CTO 5 prTO <9«,ooo,ooo ^rftfff (93,000,000 miles) I 

TOM TO TOC<T 4 Wb§; TOTO#Sff WTO CTO TOT ? 

b WWW^W 000 CTO0 I TO CTOC0 TOMTOM bb-TOTO 
^rft®T TO 1 to^° <4t # 7MTO , o e t wf TO 5 1 

^b,6<2a, ooo Xbb-0,bb-b. "srit^f = (2,b-b-0,000,000,000 'Sflt^f/^^ I 
TOMWTOMTOTOC^TOMl^#^0TOft^Mff(>'5[it=T (six thousand 
billion miles) CTO TOT I TO TOCtT MtMM #stf WTO CTO ’TO wM 
W ^ TOTtwf (Light Year) I 

TOM Wfl^ TO TOf5 I TO TOlMl^ 5 ^tf b- RPcC 
C^ffTO l TOfT TO <uRas troSTO to Proxima Centauri MM TOMM 
^ 8.8 TOMTOM C^fTO I <4t TOfe CTO (7 TOMft 5 

TOTOCTTO^ttTO 8.8 TOMwf (4.4 light year) TOM twftw TOTO I 
4t %H CTO TOM 4t TOl^ TO* TOTf WM I 

TOMfrom to^tomst mm srti^t cro>tf wsfe mto to i 

45 TOMlMW'^^'t R«> PT ^sTOTOmRTO CIptfTOf 

cto wf ^ftrro tot M 1 


TO4to fropfTO’ bo, 000 , 000, 000 (10 billion) WTO TOM TO^MI 
t%^twf^t TO WTO M Wf4%M tTOpMCTO Wf ^ 0 , 000 , 000,000 
(20 billion) w I TOM 4M5t WT# 7^tft (7, ^IWf^lT%^ 

Rc^f^l 1 ^ WWfl=1 ^, 000 , 000,000 (Fifteen billion) I 

‘^IWf^lRx'- 

TO1 CTO ^Tf I TOT TO TO^T (7, ^0 TOT^fTOf TOft tTOfTO 
CTO ^ TO TO^, ^Jl^lf 2WfTO TO^T 7^STO 'SftTO't %T %T 
“1%^ TOTTO” felt ^ I 

b^8vf%fw%i^'5TO^t^^C^C^T(Fred Hoyle, 1915 
- ) i£\^ tjsr ^ic^Riiif twf^t TOTO ^ (Hermann Bondi, 

1919 - ) TO° TOPT C^F® (Thomas Gold, 1920 - ) 

-sTOtTO (Continuous creation) ^Jftft^TO I 

^ ^ TO” 7T^<P TO TO TOrat t^T iTO 

TOj^ 7^ CTO TOM I TOM TO CTTOt TO TO CTO (TO >0 CTt CTO 
«<P0 CTtl 

^SR TOTf TO CTO CT'OTTf twf^ 

TO?ft “TOft^ro tropmcTO” fro ^1% Iro^f tomr i 1%1^ toto, 
to ‘TjTOff^itro troro^f” ^cGR=i 15 c^fe %r, tw 

^t'^fttrop^'T W (Mff (trillons of trillions) ^TOt^TO^f toR=1 I 
4t’ s f^lf^KTO bTt^fMt ^ TO t^TO^f 0 ^fro TO^ TOtMt, 

Wf MTOWf ^t 1 ?, Wf TOf I 

"slTOft^ltTO Rc^ItTCTO 7^7 Mfl^ ’fC^ 2ff^ ’TM 4t. 
I^Sf TOTfCTO WfTOM WM Wf CTO; I TO WM ^0^ %T TO^T 
TO TO^ rm WM %f M’tTO W TOTO W 

TOt^tw^f vs<1bf CTOC^ I Pf^T#fTO TOff^TO “1^ e l 
TO^” (radio - wavesTO to css. I 



^Tt'Q W TOf TORN RTOT4 cff^TO TOt (NCTO, %N 
froTORR^cff (nitoi TOtro^afro^TO ‘f^^’N's^iwt'^tlro 
WR Rto TOTO I 

RTOt fro Rtf fRTOn rRr twlft ^H5 toTOr 
^ aRTORtTOlR “ffR RlNfilw ftTOt aTO (Hubble Constant) 
RMlf OR I ff TO TO 'SRR TOTO WS 3 TO 4 tTO $£ac^ 'Q "TO RR 
’ 3 T5BT CRlTOl ^IR\ fc^tTO’R ’ 3 T 5 BI V © W RR TO | ‘TOR rTO 1 i£|R 
RNR^Rlft * ,000,000,000 (two billion) w RttN troHTO R cGf=1 1 
^wf° RRTOR RRTO 1 J(? c 1t (TOlT> R§R I 

^-trosfTO (geologist) <af ^tfR^Rffro^R i\slcka TOfRftro 
4RR RTO ’TITO RtC^RtR RTOf t%TOt C4# (three billion) w I ^slWR 
RTO «JjCSTRr (RR 4R* RtR#tR #1 RlRt RtRtTOR cfRWTO 
8 , 'boo, 000,000 (4.6 billion) w ‘ftsft TO^ I ft TO RRSt trof 

RNWTOR RTOf (7#lTO? 

ftw RTOR CRlf W TO ff 4t4tR 1 toR 1% 3Rf I fwft 

Nf tf 'f^fro — TOt Rttf 5 ? 

Iter RTO^M twft “Rtw” ^-RRC'lR ‘Rtwf TOH 

W “TO I SRlff® ^R CR, RRTtTOR Rita wi#[ Ito RTO^M 
twf%fR TOTOt ^ I C#W -maR W -W4R ^ f RTO4 
fRR IR R\gR *Ni1% £RM TO C4 ^TOR tTO3|%tR RRNfR CTO TTO 
P1« RTO RTO TOR 5 ^ I ^Wf° “TO^ aRR 5 ” TO RlR Rt TO 

to% ^r cto tor 5 rr i wt a^ro rrh toto RfTO 
to TOe caPr w crito to^ “^fwt^tlw trorof-TO rrrrrr 
tor 5 crPii 

front's RR*tf rrito cfR wtor cto rto crPi rrr; i 
If® R^> aRNQ wNt Rlaf i rcrr 5 rTO^H R'ssi^) rch <tor af TOJ 

(*0 


tiiTO RtRTOtR «r*Mft>a ^ IRRaf^ (Sirius-SIR- 

ee-us) I ^ H^afD v.^ WR^TRTO (8.63 light year) ^ ^Q <sfite 
P<iB\sV| TOM TOJ TO I ^\4§m (Arcturus- 

ahrk-Too-rus) s o ^Hc=i1<F<i^r (40 light year) ^ac^a 'b^ TO I 

^ITO TOW^I^f ^ HTO <1 CTO^ 

^= 1 % TO KTO 4 I 

^%R (Oh-RYE-on) (constellation) 4 \^> v5«^=i TO 

Rc'srsi (Rigel-RYE-jel),^^Rftc^ ^80^^^4(540 Light Year) 
ijTO i <£$ Proxima Centauri 4tW TO CTO^ ^TOff tH 

ijTO ^3 ^f5 ^|% CTO 5 CRTO ^ThQ¥i RR4 I ^WTOM 

ca^t C 4 wt sfR 

TOS^I 

^iR^icaa w^\ ^&o (i 850) ffte cto^ <n^«it wf ^4 

*[ 9 fRr%s rr a# i 2 i^ i 

^TOtTO^ TO I ’(Rift TO'® 2 f 5 ^TO TO^I tlR 

’{Rff "TO ^*Tsi3. i fir ^[Rfka 5 i ^srjri TOa^e 

^’l5|^ 5 5TOl atC^ TOTO ^siTOt C4 5 5r1c s l1c<l 5 1' s ^ c: 1 W (Tr^s 9 tf,^lTO 
^1 ^IRI TO I SltfR TTO CTO TO4 5 ^ 

^ITJfa C§f 5 ORTO I ] 


( H ) 



s RlW 

> (The Galaxy) 

["Infinite" (In- 

fih-nit) from Latin words "without end".] 

wi twt^t rir ct, rr i ^r*i 

(R i*RW (TtC^FR CR^^st Ir^s -WC4R «>1 


^RfRCR HW<t RRtRC*f 4^51 ^tt=TR fRKt ^1% I 

^rircrr ^RRf^R ^rest c^t rr^k crI, i 1wt%t 

0»C<lRcol«t I ^R4 WRf ^RR'G ^RRRITIR t^KfR ‘'fw RIrIr I 

4\<m^ wi^%rw twi^t ^ iw to Rtwn rrr i \sm rir 
^tjRRlR (William Herschel - HER-shel, 1738 - 1822) 1%fR 

'i a vs (i 784) ftet ^ ^rmrr rr^ r^rti rrrr Rtw rrr \ 

4R toR rrri Wl RR£$ ^R RRR i 

^r*u Rpaito^to ^ ^r^ri w to ^t c Ki rr c*r rrc$ 

RttoR I REJECT to RR^ RWi C^s CR(RR Rl 

‘4 c Rt WhG 'R^Ir RlR I ^RlR R>Ir C§jl> c^ \»ftR <t^C<1 RRR ‘4 c Rt 
<MM> ^*R <KHR I 4 r» 1 c <1 R>Ir ^Rt, RM RR RtR 'Jsb^sl^ RR rrPg* <MM> 


^iRlRlR ^f$|ftR Ir< 1H7 \sR W<|Ri R**KR<f RfRR\RjtR Ito 

^ ^iRiRm tjrr rwi trwq wp r^r to *mr RK 


Rwt'Q rR% w, i 

4R§?R RttotR "RIcrRrIR Iwl^t w§f RjfCRt (George Gamow, 
1 904-68) ^ R^RtR Rto RS1R I to RRtTOR ^ toHRR^R “R^l 
topBH \s\§” R£R to%^ R£1R 4R^ RCRR CR ^f^FR^R^WfRlw 
to to RtRR I 

w fRR xSTfcR ifj^ R5]WfRl%R to Rfto ^CR RWpQ Ri(M 
to? RtR totomH R$tol ? WRlWR ^%I<IWIW 

<£fSt toR RR£§; CR ^ R^ft4^ RRTf'Q W W§ SiRltW I 



THE Bf<j CRUNCH 

(^ ) 




(The Big Bang) 

RR ^ROTR ^?RJ ROT CRWf ROTD (R, RRfR R*rH(R r1r% R^ | 
'S'lROTf, RRtRj RRR Rs R® HjsTf R%, RRR 'stR (R^R R® ROTCR I R® 
RRR W)R 'RURR RRR CR(R R® ROTCR — RROTR CR(R 2)1% 

RRR^RS RIROTRRn R®tOT^^ROTI 

R^lR rR "RtRRt ®(Rb) f^ 5 CR(R iRRtR rIr, 'sm IrT® <!ROT RRTfQ 
>lf1t>® Rtf® Rtf® RRR CRtR RROT OTffe> HR! R*lR 1%fj§. I!®! ^Tf I 

CR^fWRTOTR RRtRH 1w# WtfsfR %. ^rtW^rf (Georges E. 
Lemaitre-luh-MET-ruh, 1894-1966) 

ROTIR I iisRH f%tOTr 1%1 r RtfRR (R, ^ROTR ^ROTR RRR 

RRtfQR RR f%! RrHr® ROT RRf5 RR? RiOTf %1, 1®lR CRt. RR?f(>£R 

“RRTt'Q” (cosmic egg) RtRRRR ROTR l 

*[Cosmic egg-A word “cosmic egg” is a mythological motif 
found in the certain myths of many cultured civilisation. The earliest 
ideas of egg shaped cosmos comes from some of the Sanskrit scrip- 
ture based on Sanskrit term for it is ‘Brahmanda’, ‘Brahm’ means 
‘cosmos’ and ‘anda’ means egg. The Rig-Veda uses a similar name 
for the source of the universe “Hiranya garbha” which literary means 
“golden womb”. — fcrfWR RR (ROT WlRRf “1®Rlfl% RRTt^” 
RfOT “%Tf ?l%” 'Q R®Tf ROT Rl£R I ] 

1%lR C®ot1rOTH (R, ^ RRtTO R^K fRTRTsH RR I ®tR WI OT^t 
RtRt ^RsOTf ®N ROT R%OT Rtf5 I (M 2)^ iROTRtROTR RR WR 

( 'S 0 ) 



®1ROTI CR(R RtRMOTlR RrG\sV| CR^I ROTJR RROT 

rr1R%? crr? 


Iwl^t RlRtfTR 1w \®f ROT RRtf®R Rt 1 1%lR C^otHotR R RRIRROTI 
RROT Rtlw WW®tOT fRTlWlR I CRRIOT OTRR Rl%R 1%R CR^ I ® Rl1% 
CRtR CRlR 1%R RR^ RROT ^RI RROT OTRR RCRR ^R RrI^R | 


^RRI®TOT RRt RlR (R, RtROTR ®1CRR1 r (R RROTRlfi? WfRtOTf (RR 
RtRCR% RCRR R® CRMCRR ROT %%(R ROTOT I ROT CROTt (Rtfs RTOT (R, 
®flRRt (RR ^ RtROT% RtfIR RRTR CR^RfJOT ROTIr I ^iRRf CWlTR^ 
OTRR CWlOTt ^tRRf C«R^ ^iRIkCR R^R RRtOT*t OTRtfs ^TfR I WRRf 
^R^ 1^5 i£|R^. R\^|JR R ^5 OTROT RtR I 


ROT CR'GRt (RW> RtOT (R, WRRf C^ff=1 1%%f Rf C^fN R^ Rot W>H 
RR^I RJI^^OTR R1RRTOT ROTftl WRfOTR RtRtR %ROTR FflRfe 
RJI^^OTR %^)R feRR •mi R^RRf ROTOT I R^R OT^tfs ^OTI 
^MOTR ^OTR ^OT WfRftfs ROT I 



Hamburger Patty 

(*) 



to w rrIrs ^gr ^f^t ^rhir rgrg^i 
Rn^lRRtR cririr^r ^? 5 t rr^r R^Rt ^gr ^f&t 

^Mwsi w^t^iwwi cwi^ fs felt rgrg^ i 

WlRtR ^tRRt Rll^^tb iRGR W||r I RTl^^tbR CR f^f^t W »1 

crRc<p "RlRRt 1 f% RyRjr 5 to crRgs rir, tfs crRR'Q ^rTgrIr <pHf 

GiRGs RtR Rf I 

Wl? TO RRtGRRGR^ RtR R]tS^fGbR Cb^tRtR RtGR l^Rt RRt 

r|r ^gr ^rlRRt ^irirgrr w Rft><i\S) ^r hr^wr w rr >i!tjR% rgr 
rgr TO 1 9 m^\ ^tffl CR^ft, (Tr^s ctoRgrh i 

twf^ TOG*lGR IrTOS' C^fTOR CR, RTOtG*t RWi 

RRtm CR^ RRRf * RTfe^CbR RSst I 4 f rwi rtoto “^rw 
Rf TO*H ‘sffl Rt W’ RR (RQRt ^R I 4 f RlR RRR ffo *Rt “RlRt%” 

("the galaxy" - Gal-ak-see)RRRlft RRl^R I 

twl^ RRMR W Rvb \$t WlRGsR Rt, TOR HTOTO 

tjR^ R^ RR R)R WhWH Rt I R>R ^ *i**KRR R^s CRT?! ‘•SR^ RtRRt 
TO TOtTOR 1 r*H®F 5 RTOi TO?tR TOfWR I 

RRR tRfGvsR -TORR ^ tR^ft TO TO C^H , TOR 1 w|%t TOtR 

TOotor rtor Ircr tow ^<f tocrh i ^st cto cro c^t cr 4 f 

TOHR TOR V,ooo TOCRlR* RR RR% R^\s TO\ <i|R tRTO R^TO "i,(too 

totorri Rf toito torr vsoo, 000,000 (300,000,000) rtor 

TOGRn I (TOTO R#t CbtCR ^flRTOt CR R^ttR TO GTOs Rtf TOR £ff^ 
RTOR 40,000 'QR CRft TO ff TOtRGR tffJRtR I) 

W 2 W TOf, ft TOtRCRR R^R> RlR? ff TOHRf ft RR 2 f 

totoi rt% rgrg^? tR to wa ^mm ^t%f 1 w 


^vM°s ^H>G1^H<1 SJ«^ “C^3f >1^^ e t”t^ W I 

TO'Q <t=1C=1H CT, i£T©t ^ to%T I 

^H> 51 ^CH^ “TO ^^Wt” ‘^H^[ ^TNlt TO%T I 

2 Wfw ^l (clusters of galax- 
ies) ^\m “^Tl^Wf (gravitational pull) ^Rj $nroi 

tw ^RI mm*\ t^G5f(7R ^Wt?o I 

^Rffo ^l^\ ^RJ -$®\9\q PC'SrCktf ^ to TO <fW I 

^ ^ (R'GTTf ^ ( 71 , W^ RRR^tfR #5 ^ 

twft Rt ^G^fWR ( 7 #if \ ^t%f W^Q 5 

■^jTTfRR <utvovo ^wft '^jRtRR W ^ RGR RfG5§; W \stR ^fRRRG^lR 
RfG^I 

RRfRR ^rfRfG'TR CRlRWR'S, (R> (R>R ^TlRM tRG*lR^ £|RR 
Rt I ^rRRf rR R^J^lR RR C^R ~§JRMR CR(R^ (Gfl^f WlRCR'G ^rlRRt i£|f^ 
rWI GfRG^ RtR I ^fst ^IRR RR CR ^ ‘^jRMGRR RRtm” ^^URtGfRt 
RGR RIG5^ I i£|Rt SlG^ItR 5 tRGWGfR CRG^'G TjC?T RGR RfG^ I 

tf$[ RRTfG^R (^RR^tRR^tR SjR 6 !^, twl^ ^fR^fGRR ^ ^3 
^[-^R ^Sf WRlT?fR SlG^ ^GRT# % <f-l<1 Gil ^G3J (&. CR, Rf R^ITRG^R 

2ft RS fwlGR RC^R=1 ^R° CRR ft "5GR I 


( bo ) 


( ) 



liter 4R5R v33pl*|V| % 1 r|R 

(Willem de Sitter 1872-1934) fwl^t ^ R£R “(R=R 

t#toT Irr to rto ta otrrr cr ^ ^r<r ^nft fasf pi« 
rrto to i 

tWl^t 1%R #4 “ncTOR TO ftttl%,®H CR ^ TOTS) 

C^1«4 4^4 R RR RH CRH W CT^.1 iJs>^A f%fW ^R'SH Rtf*lRR 
R (R^jR (Alexander A. Friedman, 1888-1925) 
(RTOH CR Ri3.RGi3.C4d 33 “iTO "tfCRR’-^l ^ RR3C*fRQ 

HlfsR TO RI WR8 CTO ‘4171 CR 33 ^ RTO fTOTOH I b Ssvsofltef 

RTfR 4 R (Arthur S Eddingtion, 1882 - 1944) RW 4 RSR 

3.TOW W fwl^t CTOH CR twl^t R3d>Gi3C4d “(RR 
^pnft ^ W*S T175 rR TOl, RC4 Rt TO fl>RTO RTO 

R I 33 RTO Rf StRltRs TO Rf Hffw TO R TO3 RTO I 




Andtomed« 




Milky W*y 


Triangulum 


( ** ) 


TOR#) RRTO 
fwi%H RdCRsId 

R<^TO ^1% Rt«R TOR | 

WfR TO'S 3TO ^d% TO 

R|H ^rlR^M) RFfCTOR 

RRtTOTO 

R^R%\»TO RTO TOJT 
iRRT^f^t RldC^.4 I ^tTO 

TO TORTO Rs TO4TO 
fTO \stlTO RW “RfRl 
RTO^fRI 



TOt CTOs RR CR 
Rld>ITO TO1RTO ^|ft% 

RR^ TOR f^R, 

fk*m^ hr#H 

TOR R^5R ft®T R I TO 

TOTO CTO TOTO TOG 

TORfTOl I itsTO Hiter 
'^RjR'Q^ RRRtR f^Wf^ff Top View and Side View of the Milky Way 

WfCTOlR (Jacobus C. Kapteyn - KAP-tin, 1851- 1922) IroRlRCTO 
CR 33 TOdTO RR?f (ta,ooo TORlR dR (55,000 Light Years) TO° 
ttgrr bi,ooo RM^R (11,000 Light Years) TO® RTOl 


twt^t RWIR TO\ WfCRtTO ijW(R^R<llfeR CR TOtTO (TOwTO 

33 RR’RTR c<Kd?d ^4 RtG§; I ^sit. RlRR RRRt|gr Rc<IR 

R5|R I tw iRT'R RTR^t C4Wt R?f C4, RlRWd 

(R^W^f^ RR’RtR CR® Rf I RR^I CTO R^? TO 

RRit^ ^CTf ^ “CRRRR TO RRCRf” '5®ft RCR^ I 


( ^ ) 



twifft ^g<iRg=ih i ^tmg^ £fm 

to mm*\ (Global clusfor) fi)%s wl c^ I *^51%^ 
^ ^nRsM^lU ^jR=i i 

^ “eTNTOt c^ ^gt *iG#f ^ 

c^h ^t<H ww i ^ ^ 

to w|w ^s to ^rat ^rNtm Hraro<Pt ^ 

^TOi ^TlG^I” c^s I 

tw ^rat ^5t GT^fGo ^Tf I ^ <i|^^ *TO > l^l1C<l' t f srtTT 

^ ^ ^1 1 tw ^ ‘TO '5r|3f ^ 

^rat ^<1#t<t TO$^ (Constellation of Sagittarius - SAJ - ih - 
TAR-ee- us) W (7r*fcs ^ I ^ <m C^ ^ R^*N><1 I 

ifci* (1912) ftetf C^fW^t GTtTTR G^S (Henrietta Swan 
Leavitt, LEV - it , 1 868 - 1 921 ) ^ tw# 

‘(?#v5W’ (Cepheids SEE - fee - idg) Wiwm Ihg*I ?tGWft 
I ^ H^G^<1 (7f, 4<1t ^crj Q|tc^ 

mm<\ wv ^ ^ i sfasj^ ‘c^itww’ to fe?<t 

twl^t W 4Mfe.C®W CT, (7# ‘C5#V5W’ TO G# 

*[G<1 ^fff QltG^, Wt ^ ‘CTt^Sf’ ^TOG4<1 
‘‘'tn^isTTfr’ * ^rs tjwD •wm-si 1^1% wt ^rw i 

^ *0 CT'GTTf (71 M> MTG^ (71, i£)<p'SH '^I^f^H twf^t tjC5| 
‘CT^FSW’ «1'*MC<l i Ii?I^a <MC®M, tNI <3^1. '3T5JTT *fGS W^I v3®^ol 
SllG^, Wt\ ^TtM G 5 ^ ^j <mc®M I 1^ Gf^H (7f, ^75$ 

«WG«> ^MjBH C^f ^®f GftfG^ I ^ WH H^l^<1 
to^ c#r ^75 i cw ww 

^ tM c#r c^fRr i 

( ^ ) 


^ 4<T ft ^Tt^lTf Wl 

tw# ^ ^tGSr 

^ips|^rt=T %H t^H% ^<1C=1H I 

M^r/m w ^<1C=1H I 

1^ ^ ^tGS? ^Tf^ RcslH \a^f 1%1^ t%D <ijR)^^) 

Wm wttwm W 77 \ 1 G^N CT, CT ^¥l^r«f W ^ TOl|^ Wf W 
w$ fil^c® ^r^vs w i tj?t 5 w ^sgs; \s^ 

w im t^i Dtor 1%^ ^tfwm 

(Hubble’s Law) ^Tl^[ l 

tw 4^55f ^1% m ^ilw 

<i|\s ij^s ^Rjc^d c<ph ? \st§)wi ^>i<i '5)¥l' 9 f^' 

^MGt^ C^lG^ W W3 ^TfG5§; \a\s3. ^Iw^l ^|R>C<1^I ^f% “'tlG^ C^f ? 

^ slG^ (Albert 

Einstein-INE-stine, 1 879-1 955) wT^ twrf^ I 'i^'iCt 

Ite’tf 1%1^ ^TlTO^ 'SRT t<l'2elPl4 l^fWl^ 

^TN3t <K<R, “^rf^ef ^tG^Wt^f” (the General Theory of 

Relativity) I Tfttft ^j 1%^ ^sf swl'Q fHn^vj *\^<\c\ 
<PGtl bG=lG^^m^^t^J|-<n^G<lG^H I (field equation) ^ 
^ TO^fGT^ l^f aft^^lG^ ^j%GTG§)1 1 

fwl^t ^I^Sf W9G^^%T <IG«i Rg<IHI 4G?|Rg« 1H I 
“static — -^j$ffc mutt m7\ m$ ^ i (M ^^^i 

^ W‘TsM 5, ?l'»tG^ ^TNjt <P<tC\5 ^ Wh ^ 

i#^G^” ^ ^Jttlt ^G^T WG^R I 

( ^ ) 



RCRCRlf %tfRTO R#flR to 5 ! toITOiR I 

CR^ RTO RTOs f^CR FTO Tjf5 RRRTTR R^ftR ^CRfi[CRR I R>Ir 
crotoR TO toto ^KtRTO to r ? TO TOIto to 4to 

toto 4% to r^to totito cto to rcr Rtc^ i to to wf 

TOR I TO (TTOt 1% %T ? TORCTO^t %ltot 4R^ TOT to 4R^ %ltot 
* to 4to TOto to 4% erotic %itot toto cto 
TO^"4toi 

^4*1 RRRTff5 TOR ^HltotR ^RRRCRR 4% RTOM I TOP^a ^ 
CTOtlfij tototR ^RRRRRR Rf%R ^5 RtR to 4% CRTOTO 
800 Rt^R I * WRs TOT RR*TO ^RRlR ^ 4% TORR* C#r I 

tototR ^rtocrr ^tor rtors toro torr^ torrt 
to toi^t^ro tot ct, 4tor ^h? ^to^; 

TO^ I tol^t TO^[ Wf TO CTORR (7, RtRR %rfwf TORR5 TO^ 
TORTO^ TOT TOto I RTORH TO5R TORR (7, R-RR 

TOT RR RTOR%T RW TO % 4TO 1ro®f RRTCTO’RR 4tRR 'TORRRTOTf 
CTO t£)\s if»\s “RfTOa "TOl^vs $(Pi. ? ^at§R\5t RRT^ TOl^CRs 7C^ CTO ? CR 
TOW 4to TOTO WtRt ^f%T TO^RS* I ^t%[ 00**1 RTljR (R RR 

TOWI "^RC^ SlOajCTO, R)toR*to 'sTCR TOP^ TO^ I 

twf^t^RR-^RR^R TORTOs tol^t “toSR TO. TORR” (Milton 
L. Humason, HYOO-muh son, 1891-1972) TO rrr ^ jRRff TORTOIR 
R«fi# iRCR TORRT RR%7R I to RtTOR RR RRs ^ RR TORS' tto» 
TORTOR TORtR R c fi% 4^ W ^ *toTO TOrRcTO I ics^R fftter 
R>1 r CRTOTR (R, 4R# ttof'S TORTOlR ^RRRCRR RR)C<lR ^8 00 TOr 
£ lto>IC<tTO> I i^^Sfelw14R^^R#^fR^s^(RtRt;RRRl%^(2:,ooo 
RltR 4% CROW IrRR RRIRR I 


TO*R iWM CTO ^ R^Srf W R5W RR I R^fRM twt%fR ^ 
^RI ^RR R#R HRR RR(^ ^R%1 1 ^RlRTR WRI ^|R(7R, ^ CRIRvSR 
RR*RWR R%Rl%Oo ^RI ^RRR ^RR# RW tRR^R RRf R^R 
TO I 

4R§tR TORtRRfR RTOM tot^t 4rorf RtRCR (Harlow shapley - 
SHAP - lee, 1885 - 1 972) ItoR ^ RrIww’ RW Rl^l(RI 
^RR# RTORR lR c felR RtW RCRRcRR I 14r R^R ^R ‘CRlRlRlR 
RTOf RTO’ t^R^R TO TO TOT YrIwst’ TORn f^TO TO TOtR 
'G tR , ?R ; »^TR RRRRRR iRRT^lR RRCRfTOtR I ‘CRIr^W’ RTORR 
^rTO RRRTO tRRtRR TO 14 r ijRR^f “7RMTO RTORR^R” ^ 
lR®lR RTO CTOfTOR I 

^ RR “CTOTIRRR RTORff” TOttR 4TO TORtRRR TO^ I 
^Rt TOTOfR CTO ^tCR TO WlRt TO I ^ CRlRlTO RTO^f 

^IR^t CTOfTOR TOfro ^R# RR CTOfR (Sphere around a 
center) '5®ft toc^I 

tol^t RWCR % ^RfCRR CR, ^ RTO^R RR CRtTOR CTOR^ 
TOt^lC^ CTOfTOTs TOU^ I ^RtR ^R TO TOMTO (TOtR^TOTOR 
R^RStR^ CTO ^CRR ijCR RTO^ R^R’lC^R to TO to I TO^T 
ctostR^ TOt^lC^ CTOtRTO TO Rt TO RTOS toRvs RR 1 45 TOITOl 
TORR ‘RRRtCR TOto I 

4^, RfR ^R, ^CR TORRt TOTOR Rft^RCR TOt’IRCR ^R^ RTO 
CR14 CRR ? CRR R^JRlt^lR R^R’jlTO fRCRR TOt’tRCR CRpf 

ort^f ^r° ^ro trrr(r toto TOi^fTO 5 Irsr^ ort^f ? (rI^r rw ^ cr, 

RJRlt^lR toR TOf^fR TOT toR ^RRlR CRl^ l) 

TO TOR ^ CR, TOTnRT RRTOR RRTR# TO W^ 

TOR RtR^f I ^RftR ^ttoCRR TORRt TOTOR ^ RRCRR ‘RtTO 

( i«) 


( ) 



CRR’ (TOW CTOR I TOtTO! ^RR>R WCRR 5 CRR T]t CTO(R 
toUw ffl® TOTO TO1TOR cro CTO TORt 

rto rtoq c^m ri, tori toitoir cr fro ^ 
(TOrTO, (TOW TO I 

IrTO) RtTOl TO r1r% « rirto cro Ite TOR fro 

RRrTOTO 4 RTO IrTO) RRf^ OSf. I^RTO ( Robert J. 

Trumpler - 1886 - 1956) £|TO <^< 1 C= 1 H CR, TOTOR R&^TO 

WtWR TO* ^Mm I^tCR t^RW TO TO Rt 1 1 TO ITO^R RR(W RR< 
TOR ( 71 , ‘TOtTO RTO b 00,000 TORlR RR 'Q WfR CR^CRlR R^R>C\s 
i^,ooo TORtRRR TO* *N% 1 

‘TOTOR’R CTOIr^T^TO 000 TORIrTO^^ 

TOl1|w TO TO*TOH R«$'a*l )%R|Rt TOTOR (TfiRW'RR CTO ^o,ooo 

tojrirrr to^* to1|w i ^rhr wm ctoIrto 5 ^#r rr to t%RmiR 
fro TOwt i TOI^TOn (71 TO ^TRtTO c^rwrr to1|w cTOcr TOt^TOn 

RRW RlR V,000 TOTTlRRR I 

crIwr r^tor ritori ^iRt^ron «i rto rtrri to i 

tTOTO Wf(WtRlR RRTOr TORlTO TO (71 RtRRt RTOfTOR WtR CTO 
‘TOTW’ TO^3 TORW TORW RTOt I TOlTO 4RR WM RtR (71, TOltTO 
R'SR^sS 'S 00,000,000,000 (Three hundred billion) r**krr RRlTO I 

wm vo rwiTO^^triwr ^(A<\ cto cTO 1 rW to crtot rr cr ^rtTOr 

RR ^ ^ICRR RRR ^SWCRR WiTOTQ ‘TOrMTO boo, 000, 000, 000 

(One hundred billion) RTORwrIto I 


(William 

Huggins, 1 824-1 91 0) IrIrrIR (Sirius) RTOR CTORbTO^I^^^^ 
^ c fl^t TOft <h<ic^) c^crItoir 1 IwIr (Till R c fl%w IrsRw Tor TOTOr fro 5 
^RRRR RTO TOfWR I Wf CTO IwIr TOIRrR®' cTOTOcRR 
CR iRtRRR’ TO * CTO RCR TO RtC^ I ^#1 vSfl\s\sR RRrR 

wiRt Tin cr “IrIrrir” rtor ctoto <t TOr ‘stfwiw torttor cto rcr 

RCR RR5§;i 

tossrr rtom Ir^TO tRlwn tocto ^ 

RlTOJ ^4 (7i, w Iro 

^Mm TJGl TO Tl^l (7T&1 « TO 1wl%M 
I TO®1 (71 ^5^1 t^^^l ^5t CTO^ 4 CTO 

Ho R%f | 

btsb^flTOfC^t^.^TO^esto M. Slipher, SLY-fer, 1 875- 

1969) TO TO3R ^TOM twl^ ‘‘WTOtCTO ^iTtTO”^ 

^rom cTO%n i c^tot “wrotcro” sif^TO 

# Rf \st T#WtC4 t^<T TO%1 ^ I “WtTOt^lWf”^ 
fTO CSR TO TO% TOTH TO THt TOtTOl I 

(Tit; TOT TO% TOT Tl ^TWH TOTO W “WtTlTOTO”^ TOTO 
T c fl%H TO TOlt C^lt (TO %T%t I twl^t ^TO (TTO TO< 
TOfTOR ( 71 , “TOllTOTO”^ T^#H TOTTf TO CT^R TO^ tTO TO 
TO^ I TOs £RH ^Tf ( 71 , “TOWTO TOt^” ^ CTO^ b ^o 

^iIto ^ 1 % fro toic§; 1 ^ ^ tofri 
tori c#r 1 fro tott R^t; w wtrotf^ tot to ri i wit; twi^t 
TO £it^ Uro Ito f^tTO fTOR Rt 1 

toto IrTO t ^ro ^q to %iTOth r^# ttorr to 

RRCRR RTO1 CRRtR TOTO IrTOR RRIrITOr I btsbH ffetlTO TO 1TO 


( ^8 ) 


( ) 



rRM CRR1R to^RRRRCR 5 ‘VRRtRto^slto” (Doppler-Fizeau 
effect) rrI ^R I to 3RR ftor ^R$% to# TRRR5RPR os?. 
wRrIr (Christian J. Doppler-DOP-ler, 1 803-53) RlMlf <K<toc«iR I Ito 
RlCR Rto ^IRR RRR to RJlRTl WR I 4R tot Wl# 
tw# “toRt® tox 1#% (Armand H. L. Fizeau-fee ZOH, 1819- 
96) £|RlR <Md® , H CR to RJIRTl ^RlMR \sRCRR WCRJR5 RRTl RlR I 

to RFfRjtR RtoRJ RRR31R ^IMRRS RlMjl R^R I RR^CRR ^RlMR 'Q 
RRM CRR1 TO R#ft iR^R^I R^R I R^RR*t RtRRR^RR RCRRR1 R^ 
RTlRTl RR1CRR CR, CRRR ^RlMR ^RCRR ^?RJ R## R7RJ to, RRM CRRt 
CRRRIR RRR RR^ I rR CRRR RR^CRR R## to « CRRf CRto RC«R 
to RlRlRFsR RCR RlR W/l CRlRlt RlCR CR, HR>to ^RlRlCRR to totCR 
^RC^ I ORRRt, C<RR H^CRR R c ft% to^lCRl CRRf RlR RC«R toRlRtRFsR 
RCR RlR ^CR CRlRtf RlR RR^fiS RlRlCRR CRCR ^jCR RCR RfC5§; Rl RfRRR 5 
~$m, I R^CRR RlCRlR to RCR RlWl C^KR Hr|R RRf RlCR CR, RRto W 
r1%rr rIrIc^tr Rcr ^l^fCR "r1rc§; Rf ^r rcr RfC5§; i 


Cluster Distance 

Nebula in In light years 

43.000,000 


Red shifts 
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1750 ml seel 


728.000,000 


(The Other Galaxies) 



to# ^IRCRCRR ^IRIRR TO RlRRlR CRW'tl W ^ICR'S RRR 

r^irh toitof'e to rcr w toR i toi ^irircrr to 

fRRl$l^> ftoR, 1w toMCRR Rlf^ ^st RRSl R3jRlC*t RJt^a 

ctotoR I TO? ^RtoR RW totorR tof^C^R RttCR RlR 1%%(7t RlCR 
ricrIr I 

tw 'RlR RCRf RR# Rltto^R f§R I R)2<1 RtRlC*! tJ# toRtR 
CRR’ CRRf RlR I RlCRR CRCR RCR RCR^R CR, tot ^iRlRCRfl ^Rt\*t I tofR 
RlR (TfSRl^R “RJlWlto CRR” (Magellanic clouds - MAJ - uh - LAN- 
ik) I R^lWRlto totoRRJlCSfRlR’ C¥ RRTlR W#CR to RlRWt Wl 
rcrR=i (Ferdinand Magellan - Muh - JEL - an, 1 480 - 1 522) I 

RJtCSfRlR to 2IRRR1R #RRt RtoRMCR Wf^lW CRCR to toto 

crr’ ctoflcRR i tot, sfRR^toto to ^ toto crr’ ctoftoR i 
^ toto CRR’ ^tRnto to RtoR I toR ^ICRtotR RR tocR ^Rto 
rrcr tto to ctoftoR i to to^RR crr’ toR ^RRc*t 

CR, toR CRlRtCRR (RRR'G R^lOTR Rl ^CRlR CRCR RR CRRt RlR Rl I 





TO1 \a\a \3®^oi ^TO TOta' \3®$oi TO^ WM 

^tt^5 1 

^ TO4 ‘C>llTO>T «WTOtf *FTOTO TO fw^TO WlTO to^i 
( 7T, k|# ‘TOTOft^ CTO’<1 TOJ b££,ooo TOTOTO(1 55,000 
Light Year) ijTO 'Q C§Mt> b^6,ooo TOTO<i*f (1 65,000 Light Year) 
TjTOTOl^S I 

^ TOTOlro cTO # toto ‘rotTOk ^sro to 4 <tf toto 

TOW’ 7 TO> C^l TOT TO CSNi^s bo, 000,000,000 

(ten billion) wifj ^ <f\ C^IoTocvd TO ^000,000,000 (two billion) 
^o C^ TO3 froTO I ^ # CW 4TOTO TO TOTO Wf 

tocto TOt^TOst tou totot ^ ^©tm ^ to to to i 

TO?4 TO^t TOTO TTO ^f|M TOTO ^ #C^ TOW 

Irok, ‘stf&a 1 

^ITO TOfS TOTO t£|4# TO Rsal^WH tTOM TOlR=1 I b^b ^ D%tw 
TOfa twf^t ^ritTO 'sTOTO (Simon Marius, 1570 - 1624) 
^ iTOTO ^5Tl7=Tt^ ^Iwf (jTO "TO 9 ^ (constellation 

Andromeda an - DROM - uh - duh) CTOTO CTO Iron I TOft^f TO 
“nebula” (NEB - yoo - luh) Tro’ (Cloud)4<1 TOWt TO%t I 
TOic*t TO TOTO ftTOR TO TO TOHTO TO “TOCTOWt CT^rl” 
(Andromeda Nebula) I 

* [Nebula - misty appearance in the sky made by a group of 
stars or gaseous matter - 3klR<i>t l] 

C#TO TO ^#1 1wl%f TO toR.c®h ct, %ftTO# ^TOt 
toto toitos ftsft i ^ tocto cto^ to^g toto 

TOTO TO, TO®f TO TO TO^Gs «TO* I TOfTO twl^t 


CTO TO^TO TOftCTO fac<P ^klTO TOTf \©TO TOTOl CT 

TO^TO : s1^l CTOTO 9 til>, "TO TO$f Ctk tot ^Tlrt I ^PCh ^ft^t Wt 
cTOft TOTO TO TO I “cTOft TOWl” (violet shift) 

TO I TOTO TOtCTO CTO TO TO TO TO? ^ITOI (7? TOTO 
(TfTO *lit. TO TOSfTOl TO TO TO ^ TO TO^ tTO 

^TO TO I ^ ^[’TOTO “TOf TOTOt” (red shift) TO ^?f I 



Svn Slriut 

SPECTRA OF THE SUN AND SIRIUS 


( ) 


(^) 




(The Receding Galaxies) 


R^f^t RWt^ R^1%^tRiRH4M RrIRrs 

RIRR4 | ^ RR^ 2f Tm ^QR ^IM4 R^ftR ^tf%tCRR ^RR lR«R%f I 

TJR-rR RtRt RtCRR C^f5 C§f5 WR-t^fRJ PcR Rl<Ri> I ^R-Rl^lTCR 5 
4tC5R “f£t^?R”-RR (prism-PRIZ-um) RRJ fwCR RCR*t RRM mRt4 Rfiff 
« tR^W 3R I R^5 to]R m<RlR 4R ^RRRRR ^R RR^ 
\sR^ fcfCRfR C#t ^RRRRR 3R I WI RR^ ^tT<Rt4-Rl% R^R\s ^R I 
CRRtCR RR#4RRCbCR R^WRMjRR°RHjRC4RRCbCR C^Wtt'ftRJ 
WfR^CRRtR I RtRCRRRT^R C^RRJjlR (spectrum-SPEK-trum) Rf^TtMR 
Rm^rR I [Prism-a solid whose ends are similar equal and parallel 
polygons — R^ RRtR 'Q RRtWlR R^fW 2IMRW Rt R'KfS 5 RR4] 

tR^R \5R^ 'ftrCRtR ^tCRt ^flRlWR C^tCR 1 r 1%R R« CRRlR I Rt. 
^rtMR Rb^ef Rt R c fr^t RC®R RtRR^ RCR StlwI^R RR I RlR RC®R ^R5f 
fcfRJ RRC5CR CRpt ^ft CR^t %5R f^4 CR74 2tR7R «, ^RRR 4R=Tt 
(orange), 3®3R (yellow), RRW (green), %"t (blue), RR %1 (indigo), 
CRtslR (violet) I CRtsfRR xsRR'fcfRJ RRC5CR 4R I [VIBGYOR] 

^RRl^TCR 4CRR>f!) ^R^ fcfRJ RCR 3R CRR ^tfRCR CRt^ I ^ft R c Mr 
1%%^tCR CRRR R^S RtC4 Rt I ^R Rl^JTR R#rteR <^CRI<hTD Rsj^Tt CRRt Rt'QRt 
RtR, WtC4 “(7*tR§tR R%” RRt ^R I ^R Rl%R R#ffcR RRR>R 4CR4 
^tWtR CRRt (Rtf RlR I 

^RI mRtR ^R CRTR'G RtR4R R^ RLSRt RtR WCR Wf ^HjR4R 

C*MR§tR oTitR fct 'ftsft ^R I 


( ^ ) 


C'oM%®1R CR, Rt %rfRRRR RCRJ ^ RMR CRR'G RtR% RltR Rt 
fRUSfWR RtRTtRRR *1%R RttCRt RR# R^CR RfRRR RCR RtC^t I CRCR^ 
tt ^tfR4t RR^ RRRtR RtR 1 ^ ROR Rft^t Wit CR ^TtCRtR* Rc^rR 'G 
4RC^I 

iatsts D%ttRr RR*s?R R^Rt# Rwi^t RfCRR % «TM«TlR (Pierre de 
Laplace,- lah - PLAHS, 1749 - 1827) RtRRt R^CR%RR CR, ^MCRR 
CRtRWR 1 ^ 'Q ^^RR^t 'RR^ tR’RiRiRRR R^RRtR CRR 'G RtR%t RTtR RfRt ^1% 
^CR(^I “WtRC^tCWf %tfRRn” CRCR tRCR ^CR “CRR=TfR 

^djRfCRlRR” (Nebular hypothesis - hy - POTH - uh - sis) RRt^R I 



Andromeda Galaxy 


RRtCR RR^t sm ^tc^ I tw RHJRR %tfRRR— - RtR C^CRR R^R 
^1R RM 'Q RltRCR mRltw R^CR ^fRl ^R R^t R°RJR^ ^tMR 'RR^t 
Rb^RR R^RC^D RR^f ^R I (^TfCRt RRssi RtRlR C§f5 C§jl> ^>RCRR RtRJCR 
Rb^Qvs ^R) 1 1w R^ “WtHC^tCR^t” %|fRRR R^CRR R^ )r 1%R RtRtR 
mRlRS-^RR-jR^RR RRICR RtCR I R^%tfRRRR Rb^Rvs ^TtCRtCR RRRtRR 
mRtR R^5|. RCR ^R I R^t R^t CRR ^CR RR^R felt W^? 


( ^ ) 



4^TOfR Wl 4^TOt CR, 4^%tfRTO TO CRtR «t*K4« W 
RTOt ^rtn 1 r 1 4i>lCR Ir'srr rw TOrIr ^RMI < 10=1 "to rr 1 

wtoicTO toitot cto rtog ^ to\» tor wt c# c# 
torir torero rtr ri rtirir to Rto 1to5» to IrRicr rir 1 

RRRTO TOt TOR#^ TORlto » OT^tt RlR I RRRG 
RRRG 4RRR •WR RTOl RfCRlR R^R 5 ! RG4 RftRlR SIRTRr 

to rir 1 tR crir to ririrrrs ^1% to^ ricr to tor toTOR 
to 4r^ toir toi^ to tori tor rir 1 t$r% RitocRR 

*$CR 4%14CH4 RTO4 RlRl RRRG Tf'tfRtR TO TOfRtR RT'f'IJ TOR RlR RlWR 
R#R RR ^5lft “TO1 tort” (Navae stellae) R*fk “R^ RTO4” 
RRl TO^f I 4RR 47TO R?TTO “Rto ( Navae) RRl TO I 

4R5?R TOltRRlR twl^t TORf^ 1wP#R (Herber D. 

Curtis, 1872 - 1942) toto TO%1 £|RR to 4^ tof H^4C^4 
to TOFtt RCRR I to RTOR CR, 4t, RRR ‘tot” RR4 RTORtC* t tR 
CRlR^ tol^RtR RTTOR ' l f c tRR TO 'sm "TORI TOTRS TOjlRI TOR'S TOtCRlR 
to<H RCR, TOWS TOm'S RCRRto I 

to TOTtotof %tom cro Rt to rt 1 4t, tototR tor 
TOCRR ‘tot” TO CRto RtTOt RR I (4RR to SflR 4RC*# 4RRR 
RR*4 *to RRl Ctol)TOlRtC*lR4Rf5 C# TO^C*I 4RRR #Rf TO^ I RlR 
ricr ^ 4 ^, rr cr, 4^, TOjtRcrotRt toitotf^ ^jm", ^JR RtRR TOTOf 
4t. ‘tot” rto^Ir 4^%ftom toc^^fto ^ 1 toTOttotot 
%to# wm y i 


‘TOlRtR-RTOt TORMR’, towrcwf TORW’ tos?RltRR CRR’ [TO 
4RR 1 j(^f ‘RtRRTORW’ (dwarf galaxies)] RRf TO 1 4RRRto 5 ' 5 tR (dozen) 
TOtR'S RtRR TORW to TORW’ ‘5®ft TORCTO RtCR ‘CRtRtR 2PR’ 

(local group) ^t% RR’ RRl^R I 

4tolw tof%t RR= RR= ^IRIRR Rt toR TO^R RlRl 2ftmR 
RR^4 RRIRR ^Rlft (clusters) ^elR W^l 4%RR RR^4 RRtRR 4^ 
RV5 CR ^IWR ^IWR ^IRIRCRR RRfcH (TfRI RlR I RR^fe ~ l £CRR CR 
^IRIRR RlRRl CRRt^ ^$t TOR RlWlR RR RttRlRRR RR^R I 
CR RtCRtR Rl^fCRf RlRRt 4^RRR totRR’ (TfR^ R^^l TOTOtt 
RlWlR TO Rt(R RTO Rl4l ^SR TO%f I R% 4RRt4 RlRTO 
RfTO RRR Rt'GRt 4RRlR TOR RRR 4TO 

TO^I 

ftor RRiRM totot ‘CRlRlRtR’ (KWAY-zarz) RtftoR 
TOR I to to# TO RTO CR 4Wt R^ R^ ^RR^ ^fRR I 4R 

ijCR TOto CR TOR ^^Rt4 RRT^R ^ I ^ 

‘CRlRlTO YR tol^ RR^4 RlR TO RRt ^R 1 4Rt RCRR R^= CRfl^ RtMRRR 
ifCR TOto I RR^to ^CRR CR ‘CRMR^’ 4RR RM (TfRI C^ (to 
4R*t CRlf RtCRfRRR (1 0,000,000,000 ten billion) ^CR RRl|R I 

^Rto ^IRIRR Rl TORI (TfTO Rl TO R^RTl 4R RlTO CR# 
(100,000,000,000 a hundred billion) TO I TOTO TO'Q RlR CTO 
TOto^tt CRlf (25,000,000,000 billion) TORlRRR fTO TOto I 4^ 
toR toRTOSR^RRlRTOTOTORR ‘W^jRtRR CRR 4to^¥tlRf^ 

rrirrii 


TO 4R# toRR TOTl CR, CR RRR tof RTO 4^ TOHC^ICRvbl 
%ltolR TO toTO, TO TO WlRTO ‘ TOI” RTO4R ^RRlR TO1R 

( ^ ) 


( ^ ) 



MRR w TO RTOM TOT IPS %T CR, ‘WlRWM 

mtor toitor tot tRTOR ri 1r mr mrr ^ ^i|so i 
m^sRr f)%tcR rriIrcr'|R*iIr ^rSt v5ti\s ijR%t rhto rri 

TOTl I (7T5T CR^RRR IrIto RRCTO R(M « MCRt ^R%t I ^TJ?l%?t 4R&I 
boo^TOMRRtf§RlMCRtRTO4^R RfRR (P. Hubble 1889- 
1 953) W 4R W fw^t ^TjRffctR RWJ ^fR ^ (Trf^RcRR 
(71, £ WWWl %rfRRf TOZ? CS# c^ RTOTOt felt MTO I 

tw^t r?r1t)crr rtorr rI^r %f— wrotwf %tfRRt rm^ 
r^ tjcr ^fro i 

^ 5^ i£R5^t MU TOW, Rl MTOtR TOTOR TO I 
MR ‘WWWl TOW’ RRt TO I ‘C#M TO’ ^ ‘WWWl 
TOW’ Mt to mcrr mrto ^%<toir Wfw*\ rcr ^ 
r^r TOhWR i*i^ rtrrm rto to i 

£ITO ^ ‘MRwfaM TOMcTO ^1% cmr ^ RR tot toiRr i 

IrU IffetCR ‘•SR WIRR-MCrRrR RMRH R«sf^t TOtRTjtR RtTO 

(Walter Badde - BAH duh, 1893-1960) CTOlTOR CR, CRTO ^TOFTR 
TOrTO RR 5 ^ MlC^ I TO Rf^R tRRRR TO 4R^ WlRt CTO (71 
MlR^lTTOtTOW ^ 00,000 MTOlRRR (2,300,000 light year)ip^ 
TOl1|\s I i£T©t TObTOtlRR (TO CTO 'SH ^RTO TO^ 4R^ * 
TOW to rto mi^^ir %H rr^r ^ MiRroro toTO mcm 

TO WlRt TO CTOI CR TOMTOM TOW’ 4R^t MB TOW 
WR <£|%1RR MR^ MRR TOTOR RTOT WTO CTO I MTOfR TOW 
'Q MR RCRJ i£|R>f[> I TOWR TORtWCR MRIRMCR CRlRTfR MB MCR 
‘Milky way’ Rt MRH TOT Rt B<-TOt RtR CMRf TO I 


CRTO IrMxs I TO tR TOMTOM ipf RRTO MR'S MRR CRpt 
M^?^RWMMj lR^CTOTO^^?^RtRTO,^TOMTOM 
%tfRRn’ RR^ RRBRl^ Rl TO^ I tw ^ %rfRRR ^ C#T ^R(R 
^Rlt^ CR, CR^fW ^IRR^s ‘1RM’ R^RWR ^NRt TO iRRRR RRtRlRRlI 

ftef “^JlR^Wl %ftRRslR” tRM’ 

R^3 ^IRtR ^R Rl ^RTtRI ‘CRM’ R^3 W,^\ TOR CR^f I ^ 
R^fD Rj^Ff CR TJ?|fH ^IWt'8 C?Rt CR^I ^ R^fD^S 1% 

^%rfRR!RTOf? 

R^JTOlR ^RR ^r^Q RtRtRR *CRM’ R^RR ^RRlR TOR 
R^3 (TfRt %?J%n Dtof 4tRRR ^IR^ R^R RRlRW 
^f'URlR TOtroil I CR^ ‘CRM’ RRRft> ^SR 5 SIR ( mars) TOm^^ttCRt, 
tW TORR iR 7 ^ TO CS^ I ^TORTlTOR RRlTO tw# if5w ^R 
(Fritz Zwicky, 1898 - 1 974) R^RRR TOlRlRR RRMR RlRRRR 
RCRR “RRTR CRM” (super novas) 

RR^ “^RtR CRM” RR=R ^R RR RTOR MRI RCR'G RtRtRR RR^CRR 
boo, 000 , 000,000 (a hundred billion) rr RlwlR CRl^ ^^R^R 
^R I Wl^CR b lrbrft Dtof WlRC^ICRvbl %ltRRlR ^ftTRlR ^R R^fD ft 
“R(RtR CRM” ? W RTOR TOU ^CR'G (B^RvsR CRM RR^5 %T I 

tW M^CR WlRC^tCM %l)RRlR ‘RRIR CRM’ RR^ CRR ^ 
tR?M TO CRCRl CR TjRfH ^5t MCR MR (TfRI CRCRl Rl? b(?a^ 
D%ICR CRRC^ Rt'GRl ‘RRlR CRM’ R^fb ^(S 5 SlTO CTO ^RtRR ^^RTO 
f^ltwt^tTOfR (Curtis) ^1 rTO¥^R%s TOR CR, ftlCR 
CRTOs Rt'QRt ^RtR CRM’ RR^f TOTOfR MRR tRR^ %T I 1 r§ ^VV(t 
ffelw CRRTO Rt'GRl MRC^TOM %ltRRlR RR^ MTOR CR(R TOR 
TjCRflRI 


( 7° ) 


( >* ) 
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The Solar System 


Elliptical Orbit* 


Terreanal Plaoels 
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Bolot Ortrtrg 


TDe.Stfi (Mam Sequence Star) 


The Sun Contains 99% of the 
Mass m the Solar System 




The Milky Way Galaxy 


diameter of 
Milky Way 
Galaxy 
( 100,000 
light-years) 


position of Earth 

in Galaxy Earth's axis 
/\ of rotation > 


The Milky Way is the dense 
collection of stars that lie in 
the plane of the galactic equator. 
From Earth these stars appear 
to form a belt. 


central plane of 
Milky Way Galaxy- 


(galactic equator) plane of galactic equator 


plane of 
Earth’s equator 
(celestial 
^ equator) 


Earth's axis 
of rotation n 


dense belt of stars in 


Galaxy Viewed Face-On 
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Galaxy Viewed 
Edge-On 


Galaxy's Apparent 
Shape 






